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Abstract
Analyses of the vacuum stability of the electroweak theory indicate that new physics occur
at a scale of order of 1 TeV if a light Higgs is discovered at LEP II. In this paper, we parameter-
ize the effects of new physics in the effective Lagrangian approach and examine its implication
on the Higgs boson production at LEP II. We consider the effect of higher dimension opera-
tor on the Higgs potential and calculate the lower bound on the Higgs boson mass from the
requirement of vacuum stability. We show that if a Higgs boson is seen at LEP II then under
favourable conditions the deviation of the production cross section from the standard model
value could be significant and therefore the presence of the new physics is detectable at LEP
II.
1 Introduction
One of the important issues in particle physics is to understand the origin of the electroweak scale.
In the standard model, the electroweak symmetry breaking arises from a complex fundamental Higgs
scalar. However, the theoretical arguments of ”triviality” [1] and ”naturalness” [2], suggest that
such a simple spontaneous symmetry breaking mechanism may not be the whole story. This leads
to the belief that the Higgs sector of the standard model is an effective theory. The advent of new
physics which reveals a more fundamental structure underlying the symmetry breaking mechanism
can be defined by an energy scale Λ which also serves as a cutoff of the effective theory.
As a requirement of the Higgs sector, the effective potential should have a global minimum at
the electroweak scale (v = 246GeV ). This is the condition of vacuum stability[3]. For the existence
of a light Higgs boson, within the energy range of LEP II, the standard model vacuum will become
unstable at the order of 1 TeV, because of the large destabilizing effect of the top quark contribution
to the effective potential. This can be taken as an indication of the presence of new physics around
this scale. With such a low cutoff one expects effects of new physics to show up relatively soon,
even in experiments at LEP II.
There are various proposals of new physics beyond the standard model, such as SUSY, Left-
Right models, multi-Higgs models, composite Higgs models, Top quark condensation models, etc.
Recently Hung and Sher [4] has studied the question of vacuum stability in a specific model with
a singlet scalar added to the standard model. In this paper we consider a model independent
approach to new physics, i.e., the effective Lagrangian approach, and analyze the implication of
vacuum stability on the Higgs boson mass and its production. Our analysis show that, if the Higgs
boson is discovered at LEP II then the scale of new physics should be around O(1 TeV), and the
new physics effects on the Higgs production can be sizable. For instance, for a Higgs of mass of 75
GeV, the correction to the cross section for e+e− → ZH due to new physics can be around 8−11%,
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which is detectable at LEP II.
This paper is organized as follows: in Section 2, we analyze the Higgs boson mass bound in
the effective theory. In Section 3, we discuss the possible effects of new physics on Higgs boson
production at LEP II and in Section 4, we briefly summarize our results.
2 Effective theory and Higgs mass bound
In the effective Lagrangian approach to new physics, the leading terms are given by the standard
model. The corrections which come from a certain underlying theory beyond the standard model
are described by higher dimension operators,
Lnew =
∑
i
ci
Λdi−4
Oi, (1)
where di are the dimensions of Oi, which are integers greater than 4. The operators Oi are SU(3)c×
SU(2)L×U(1)Y invariant and contain only the standard model fields. The dimensionless parameters
ci, determining the strength of the contribution of operators Oi, can be calculated by matching the
effective theory with the underlying theory. In general, if the new physics is due to a strongly
interacting system, for instance in a composite Higgs model [5] or with a low scale top condensate
models [6], ci are expected to be of O(1). For weakly coupled new physics the parameters ci may
be an order of magnitude smaller.
Analyses of higher dimension operators have been performed by many authors [7]. In this paper
we consider only CP conserving operators which can be constructed out of the Higgs fields Φ, covari-
ant derivatives of the Higgs field, DµΦ, and the field strength tensorsWµν and Bµν of the SU(2) and
the U(1) gauge fields. There are 8 dimension-six operators denoted byOΦ,1,OΦ,2,OBW ,OW ,OB,OWW ,
OBB and OΦ,3. They modify the standard model Lagrangian to the 1/Λ2 order and the effective
Lagrangian for new physics, Lnew, up to dimension 6, is given by
Lnew = 1
Λ2
cΦ,3(Φ
+Φ− v
2
2
)
3
3
+
1
Λ2
[
cΦ,1(DµΦ)
+ΦΦ+(DµΦ) +
1
2
cΦ,2∂µ(Φ
+Φ)∂µ(Φ+Φ)
]
+
1
Λ2
[
cBWΦ
+BˆµνWˆ µνΦ + cW (DµΦ)
+Wˆ µν(DνΦ)
]
+
1
Λ2
[
cB(DµΦ)
+Bˆµν(DνΦ) + cWWΦ
+WˆµνWˆ µνΦ
]
+
1
Λ2
cBBΦ
+BˆµνBˆµνΦ. (2)
Only OΦ,3 contributes to the effective Higgs potential. All the other operators except cΦ,3 will
contribute to the Higgs boson production and in Section 3 we will study the effect of these operators
in Higgs boson production.
In the presence of the higher dimensional operator OΦ,3 the tree level Higgs potential can now
be written as
Vtree = −
m2
2
φ2 +
1
4
λφ4 +
1
8
cφ,3
Λ2
(φ2 − v2)3, (3)
which is corrected by the one-loop term, V1loop,
V1loop(µ) =
∑
i
ni
64pi2
M4i (φ)
[
log
M2i (φ)
µ2
− Ci
]
, (4)
where
M2i (φ) = kiφ
2 − k′i.
(5)
The summation goes over the gauge bosons, the fermions and the scalars of the standard model.
The values of the constants ni, ki, k
′
i and Ci can be found in Refs[3, 8]. The one-loop effective
potential, including the higher dimensional operators, is
V = Vtree + V1loop.
In Fig.(1) we plot the effective potential for Λ = 4 TeV and for three typical values of cφ,3. We
see that the effect of a positive cφ,3 is to delay the onset of vacuum instability compared to the
standard model while the effect of a negative cφ,3 is to accelerate the onset of vacuum instability.
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To obtain a lower bound on the Higgs boson mass, in the absence of higher dimensional operators
one can take the location of vacuum instability to be as large as Λ. However, in our approach, for
the low energy theory to make sense, we should require φ < Λ. We take the scale of vacuum
instability, Λ′, to be 0.5Λ, so the corrections from operators of dimension greater than six to our
result is suppressed by a factor of Λ
′2
Λ2
= 0.25. In Fig. (2) we plot the lower bound of the Higgs
mass versus Λ.
Since we are dealing with values of the field φ larger than v, we need to consider a renormalization
group improved potential for our analysis [3, 8, 9, 10, 11, 12]. Working with the one-loop effective
potential, we consider two-loop running for λ, the top Yukawa coupling (gY ), gauge couplings and
the Higgs mass. This procedure resums all next-to-leading logarithm contributions [13]. The various
β functions to two-loop order can be found in Ref [14]. After obtaining the running Higgs boson
mass, the physical pole mass 1 can be calculated. The relevant equation relating the running mass
to the pole mass can be found in Ref [8]. The boundary conditions for the gauge couplings and the
top quark Yukawa couplings are known at the electroweak scale in terms of the measured values,
taking into account the connection between the running top mass and the pole top mass measured
at 175 GeV. The vacuum stability requirement provides the boundary condition for λ at the scale
Λ′, which is given by
λeff(Λ
′) ≈ −
∑
i
ni
16pi2
ki
2(log ki − Ci)− 1
2
Λ′2
Λ2
cΦ,3, (6)
where
λeff(Λ
′) = λ(Λ′)− 3
2
cΦ,3
v2
Λ2
. (7)
In Fig. (3) we show the renormalization group improved Higgs mass bound versus Λ. We see that
for a light Higgs mass within the discovery range of LEPII, the new physics scale is a few TeV. For
1 The effect of the operator cΦ,2 in Eq. (2) causes an finite renormalization of the Higgs field H[7]. H → Z
1
2
HH,
where Z−1H = 1+ cΦ,2
v2
Λ2
. This gives rise to a correction to the Higgs boson mass by ∼ 2% for cΦ,2 ∼ O(1).
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cΦ,3 = 1.0 the higher dimensional operator helps to significantly stabilize the vacuum to such an
extent that the scale of new physics will be too large to show any significant effect at LEP II.
3 Higgs Boson Production
In Section 2, we have considered the Higgs mass bound that stabilize the electroweak vacuum in the
effective theory. Turning the argument around we can see from Fig. (3) that if the Higgs boson is
found at LEP II then we can read off the upper bound for the scale of new physics. As an example,
with cΦ,3 = −1.0 and mH = 75 GeV the new physics scale is <∼ 1.08 TeV. This is perhaps as much
as can be said about the effect of the operator OΦ,3. However the presence of the other operators in
Eq .(2) will modify the couplings of the Higgs boson interactions. The determination of a low scale
for new physics will allow the effects of the other operators to manifest themselves more readily. In
this section we will show that under favourable conditions new physics effects can be visible at LEP
II and the mechanism of new physics, strong versus weakly interacting may also be discernible. We
expect this new physics effect to manifest in the Higgs production, e+e− → ZH 2 at LEP II. The
Lagrangian given in Eq .(2) gives rise to anomalous Higgs couplings, which can affect Higgs boson
production. Following Ref[7] we write down the relevant vertices generated from the Lagrangian in
Eq. (2) in terms of the physical Higgs field, H .
Leff = gMW
Λ2
[T1HZµZ
µ + T2ZµνZ
µ(∂νH) + T3HZµνZ
µν + T4AµνZ
µ(∂νH) + T5HAµνZ
µν ] ,(8)
with
T1 =
2m2W
g2
cΦ,1
c2
,
T2 =
c2cW + s
2cB
2c2
,
T3 = −c
4cWW + s
4cBB + s
2c2cBW
2c2
,
2 This process has recently received attention as a probe for new physics at LEP II [15].
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T4 =
s(cW − cB)
2c
,
T5 =
s(−2c2cWW + 2s2cBB + (c2 − s2)cBW )
2c
,
where g2 = e2/s2 = 8m2WGF/
√
2 and s and c are the sine and cosine of the Weinberg angle.. We
also include the effects of the Higgs boson wavefunction renormalization due to operators OΦ,1 and
OΦ,2,
Lren =
1
2
gZMZ
[
1− cΦ,1 + cΦ,2
2
v2
Λ2
]
HZµZ
µ. (9)
The strength of the anomalous Higgs couplings depends on the values of various coefficients ci. In
a strongly interacting theory for the Higgs sector, such as composite Higgs boson models[5] and
low scale top condensation models[6], it is difficult to calculate the absolute values of ci. However,
one expects in general that ci ∼ O(1) 3. In Fig. (4) we show the cross sections for the process
e+e− → ZH for ci ∼ 0(1). The formula for the cross sections can be found in Ref[15].
We see that new physics effects are at a level of
R =
σNSM − σSM
σSM
= 8− 11%,
where σSM is the standard model cross section and σNSM is the cross section with the inclusion
of anomalous couplings 4. In LEP II with a center of mass energy 175-205 GeV and an integrated
luminosity of 300− 500pb−1 new physics effects on the Higgs boson production with the magnitude
3 Operator OΦ,1 contributes to the ρ parameter and is therefore tightly constrained. We set cΦ,1 = 0 in our
calculation by assuming the existence of a custodial SU(2) in these models. The coefficients of the other operators
are taken to be O(1). The operator OBW contributes to the S parameter of Peskin and Takeuchi. For our choice of
the new physics scale given above the correction of the operator OBW to S is ∼ −0.6 which is within the experimental
limit on S [16].
4 We have not included radiative corrections to the cross section because they are known to be small at LEP
energies [17] and the percentage change to cross section with or without anomalous couplings due to radiative
corrections will approximately be equal. The ratio R, therefore, will remain almost the same with or without
radiative corrections.
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mentioned above will be detectable[18]. However if the new physics is weakly interacting, ci may
be of the order of 0.1 or smaller, then the correction to the Higgs production cross section will be
too small to be visible at LEP II.
4 Summary
In summary, we have re-examined the Higgs mass bound from the requirement of vacuum stability
in the effective theory by taking into account the contribution of higher dimension operators to the
effective potential5. We show that if the Higgs boson is discovered at LEP II, new physics could
be around TeV and its effect on Higgs boson production will be observable at LEP II in certain
models with strong interaction as the underlying dynamics of the Higgs sector.
Acknowledgment: We would like to thank P.Q. Hung, G. Valencia and D. Zeppenfeld for
discussions. This work was supported in part by DOE contract number DE-FG02-92ER40730(A.
Datta) and DE-FG02-94ER4-817 (B.-L. Young and X. Zhang).
References
[1] For a recent review, see, e. g., H. Neuberger, in Proceedings of the XXVI International
Conference on High Energy Physics, Dallas, Texas, 1992, edited by J. Sanford, AIP
Conf. Proc. No. 272 (AIP, New York, 1992), Vol. II, p. 1360.
[2] G. ’t Hooft, in Recent Developments in Gauge Theories, Proceedings of the Cargese
Summer Institute, Cargese, France, 1979, edited by G. ’t Hooft et al., NATO Advanced
Study Institute Series B; Physics Vol. 59 (Plenum, New York, 1980).
[3] M. Sher, Physics Reports 179, 273 (1989).
5 High dimension operator correction to the effective potential for electroweak baryongenesis was considered in
[19].
8
[4] P.Q. Hung and M. Sher, hep-ph/9512313.
[5] D.B. Kaplan and H. Georgi, Phys. Lett.B136, 183 (1984); D.B. Kaplan, S. Dimopoulos
and H. Georgi, Phys. Lett. B136, 187 (1984); H. Georgi, D.B. Kaplan and P. Galison,
Phys. Lett. B143, 152 (1985); H. Georgi and D.B. Kaplan, Phys. Lett. B145, 216
(1984); M.J. Dugan, H. Georgi and D.B. Kaplan, Nucl. Phys. B254, 299 (1985); V.
Koulovassilopoulos and R.S. Chivukula, BUHEP-93-30 (hep-ph/9312317), Dec. 20,
1993.
[6] W.A. Bardeen, C.T. Hill, M. Lindner Phys. Rev. D41, 1647 (1990); C.T. Hill, Phys.
Lett. B 226, 419 (1991).
[7] W. Buchmu¨ller and D. Wyler, Nucl.Phys. B268, 621 (1986); see also K. Hagiwara, R.
Szalapski and D. Zeppenfeld, Phys. Lett. B318, 155 (1993).
[8] J.A. Casas, J.R. Espinosa and M. Quiros, Phys. Lett. B 342, 171 (1995); J.A. Casas,
J.R. Espinosa, M. Quiros and A. Riotto, Nucl. Phys. B 436, 3 (1995); J.R. Espinosa
and M. Quiros, Phys. Lett. B 353, 257 (1995); J.A. Casas, J.R. Espinosa and M.
Quiros, hep-ph/9603227.
[9] M. Lindner, Z. Phys. C 31, 295 (1986).
[10] M. Lindner, M. Sher and H.W. Zaglauer, Phys. Lett. B 228, 139 (1989).
[11] M. Sher, Phys. Lett. B 317, 159 (1993); Adendum: hep-ph/9404347.
[12] G. Altarelli and G. Isidori, Phys. Lett. B 337, 141 (1994).
[13] B. Kastening, Phys. Lett. B 283, 287 (1992); M. Bando, T. Kugo, N. Maekawa and
H. Nakano, Phys. Lett. B 301, 83 (1993); Prog. Theor. Phys. 90 (193).
9
[14] C. Ford, D.R.T. Jones, P.W. Stephenson and M.B. Einhorn, Nucl. Phys. B 395, 17
(1993).
[15] K. Hagiwara and M.L. Strong, Z. Phys. C 62, 99 (1994); B. Grzadkowski and J.
Wudka, Phys. Lett. B 364, 49 (1995); G.J. Gounaris, F.M. Renard, and N.D. Vlacos,
Nucl. Phys. B 459, 51 (1996); G.J. Gounaris, J. Laissac, J.E. Pashalis, F.M. Renard,
and N.D. Vlacos, Preprint PM/96-08; W. Killian, M. Kra¨mer and P.M. Zerwas; DESY
95 -217, hep-ph/9603409.
[16] J.L. Hewett, T. Takeuchi and S. Thomas, hep-ph/9603391.
[17] J. Fleischer, F. Jegerlehner, Nucl. Phys. B 216, 469 (1983); S. Dawson and H.E.
Haber, Phys. Rev. D 44, 53 (1991); B. Kniehl, Z. Phys. C 55, 605 (1992); A. Denner,
J. Ku¨blbeck, R. Mertig, M. Bo¨hm Z. Phys. C 56, 261 (1992).
[18] J.F. Gunion, A. Stange and S. Willenbrock, hep-ph/9602238.
[19] X. Zhang, Phys. Rev. D47, 3065 (1993).
10
5 Figure Captions
Fig. 1 The effective potential for various values of cφ,3. The Higgs mass is taken as 80GeV and the
scale of new physics Λ = 4TeV . The curve with cφ,3 = 0 corresponds to the standard model.
Fig. 2 The lower bound on the Higgs mass as a function of the new physics scale Λ. The scale of
vacuum stability has been chosen to be Λ′ = Λ
2
. The scale in the effective potential is set at
µ = v = 246GeV .
Fig. 3 The lower bound on the Higgs mass as a function of the new physics scale Λ for various
cφ,3. The scale of vacuum stability has been chosen to be Λ
′ = Λ
2
. A renormalization group
improved effective potential has been used and the running of the couplings in the potential
have been considered up to two loop order.
Fig. 4 The cross section for e+e− → ZH for a Higgs mass of 75GeV in the standard model and
including anomalous couplings.
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